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Executive Summary 
 
This report was commissioned by the Navi Mumbai Municipal Transport Undertaking (NMMT), 
the transit provider for Navi Mumbai, India. NMMT is currently facing several challenges. As in 
many cities in developing countries, the city has experienced a rapid increase in motorization, 
which has led to increase congestion and longer cycle times for NMMT buses. Consequently, 
NMMT’s bus service quality has declined, resulting in lower customer satisfaction with the 
service. NMMT is also faced with the issue that more than 20% of its scheduled kilometers are 
cancelled due to bus breakdowns, cancellation of services, and traffic congestion. 
 
This report focuses on NMMT’s bus operations along the Dombivali-Vashi corridor in Navi 
Mumbai as well as on the transit system’s depot maintenance practices. Redesigning the bus 
routes and improving depot maintenance practices are critical in order for NMMT to reduce 
operation costs, improve system efficiency, and ensure high levels of customer satisfaction by 
providing quality service.  
 
For the route redesign along the Dombivali-Vashi corridor, data was collected using three types 
of surveys over a twelve-day period. These surveys were conducted in order to collect data about 
trip characteristics, travel behavior, and customer opinion about service. These include boarding-
alighting surveys, bus occupancy surveys, and customer perception surveys. The data collected 
through these informed the route redesign recommendations put forth in the report. For depot 
maintenance, data was collected about NMMT’s current depot maintenance practices through 
meetings with NMMT staff. This data was used to develop recommendations that would improve 
depot maintenance services based on best practices in depot maintenance. 
 
Based on analysis of the ridership data, route, corridor, and system recommendations were 
developed. These recommendations are shown in Table 1, below. Recommendations developed 
to improved depot maintenance practices are shown in Table 2 on the following page. 
 
Table 1: Summary of Route Change Recommendations 
  Action Impact 
R
O
U
TE
 
Recommendation 1:                                          
Add short-turn route along Route 41 
Increases to the number of trips with use of 
existing fleet 
Recommendation 2:                                 
Terminate Route 44 at Belapur Station 
Improves operational efficiency; better serves 
demand 
Recommendation 3:                                        
Split Route 46 into Two 
Improves schedule adherence and reliability 
C
O
R
R
ID
O
R
 
Recommendation 4:                                        
Enact both Recommendations 1 and 3 
Improves schedule adherence and reliability; 
increases number of trips 
Recommendation 5: Trunk and Feeder Increases frequencies and provides more 
reliable service with the use of existing fleet 
Recommendation 6:                                  
Branding and marketing of new routes 
Improves customer perception of service; 
provides unified vision of service 
Recommendation 7:                                 
Dedicated bus lane along corridor 
Eliminates effects of traffic congestion;  
improves reliability 
SY
ST
EM
 
Recommendation 8-9: ITS Improvements Improves service delivery 
  On-Board GPS Units 
  Scheduling Software 
iii 
 
Table 2: Summary of Depot Maintenance Recommendations 
  Action Impact 
D
EP
O
T 
 
M
A
IN
TE
N
A
N
C
E Recommendation 1:                                    
Develop a maintenance plan 
Reduce NMMT vehicle breakdown rate 
Recommendation 2:                                    
Keep a maintenance plan for each vehicle 
Reduce NMMT vehicle breakdown rate 
Recommendation 3:                                       
Conduct data collection 
Reduce NMMT vehicle breakdown rate and 
improve fuel efficiency of vehicles 
 
This report focuses on simple route redesign and depot maintenance improvements that would 
better NMMT’s bus transit services and create a more sustainable transport system. These 
changes will allow NMMT to improve its transit service at a low cost to the system and thereby 
improve passenger perception of the service and increase ridership along the Dombivali-Vashi 
corridor. 
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1. Introduction 
 
 
 
Navi Mumbai, located on the west coast of the Indian state of Maharashtra was developed in 
1972. The city lies just east of Mumbai and covers an area of approximately 344 square 
kilometers, 163 square kilometers of which are under the jurisdiction of Navi Mumbai Municipal 
Corporation (NMMC). Like many cities in the developing world, Navi Mumbai’s population has 
also been growing rapidly. Additionally, vehicle populations Navi Mumbai have experienced a 
significant increase. This population growth and increase in motorization have been compounded 
by the rapid rise of Navi Mumbai’s industrial and commercial districts. These changes have 
resulted in a large scale increase in traffic on the city’s roads. This increasing intensity of traffic 
has resulted in the manifestation of a number of problems such as congestions, accidents, and 
pollution, which pose a potential threat to the economic vitality of the city. As a result, there is 
an immediate need to improve and enhance existing public transport system. 
 
Navi Mumbai Municipal Transport (NMMT) is the major public transportation provider serving 
the city. NMMT is currently facing the challenge of sustaining its bus public transport system in 
the face of an increased share of private vehicles, rising fuel prices, limited funding and extreme 
urbanization. In order to have a sustainable public transportation system, it is crucial for NMMT 
to provide public transport that is efficient and attractive. The purpose of this report is to propose 
route redesign recommendations and improve depot maintenance practices in order to cut down 
on inefficiencies and improve the overall system. 
 
The function of the route redesign portion of this report is to examine transportation patterns 
along the Dombivali-Vashi corridor. NMMT identified Route 41, which travels along this 
corridor, as one of the system’s most underperforming routes. Additionally, three of the five 
routes that travel along the corridor make less than the system average rupees per kilometer. As 
such, the study team determined that the Dombivali-Vashi corridor should be the focus of this 
study. The goal of the route redesign is to organize routes along this corridor in a more efficient 
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manner in order to minimize losses for NMMT and decrease travel time and increase reliability 
for customers. A secondary goal is to produce a method of data collection and evaluation that 
will be replicable in other parts of the city or in other underperforming corridors in medium-
sized cities in developing countries. 
 
The other focus of this report is depot maintenance, which is a crucial component of bus transit 
operations. The reliability, safety and vehicle life in bus transit systems depend on the 
maintenance system employed by agencies. It is an extremely important element of this 
document, as one of NMMT’s major barriers to providing reliable service is its high vehicle 
breakdown rate of approximately 22%. The report focuses on simple changes that could be made 
in order to improve existing maintenance practices. 
 
1.1 Relevance to Existing Literature 
 
Navi Mumbai, as an emerging city, is faced with many of the same challenges and constraints as 
other cities in the developing world. Emerging cities, small to medium cities with populations of 
around 1 million residents, can be found in every developing country. These cities are the ones 
who are experiencing the most rapid growth, while at the same time facing severe economic 
constraints. As such, though there are certainly differences in condition, such as road conditions 
and cultural norms, the lessons learned in the route redesign and depot maintenance practice 
improvement process in Navi Mumbai can be applied to other emerging cities in the developing 
world. 
 
Improving routing along the corridor through simple route and corridor changes, as proposed in 
this project, will result in a more efficient use of existing resources and improve the frequency 
and reliability of NMMT services. Improved efficiency will result in monetary savings for 
NMMT, which is crucial in an environment in which capital is scarce. Additionally, improving 
the state of the public transport industry is important because it will allow NMMT to retain 
ridership in the face of increasing motorization. As the economy in India continues to grow, 
more and more people will be able to afford cars or two-wheelers. If transit services offer poor 
service, individuals will buy a vehicle the first opportunity that they can afford to do so. As a 
result, transit mode share will continue to decrease which would have a negative feedback loop 
impact, as increasing motorization will result in more traffic congestion, which in turn would 
lead to lower quality bus service and thus lower bus ridership. Finally, emerging cities such as 
Navi Mumbai will be important in the climate change conversation, because these cities are 
experiencing the most rapid motorization. As a result, these cities will be the ones that will either 
become severely polluting cities in the future or cities that are taking a big step toward climate 
change mitigation. 
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2 Overview of Transit in Navi Mumbai 
 
 
 
2.1 Introduction 
 
In 2005, the central government of India launched Jawaharlal Nehru National Urban Renewal 
Mission (JnNURM), an urban renewal scheme whose mission was to support the efficient 
construction of urban infrastructure for more than 61 cities in India. Under this scheme, Navi 
Mumbai, a planned city with over 1 million population, obtained 150 buses between 2009 and 
2010, doubling its existing fleet size. Though this increase in fleet size improved Navi Mumbai 
Municipal Transport’s (NMMT) service, NMMT is currently faced with the challenge of 
sustaining its level of service with limited resources given its larger fleet size. This has proved to 
be a challenge due to the city’s urbanization and rapid motorization, rising fuel prices, and 
limited funding. 
 
This report focuses on simple solutions for NMMT that would improve its service and create a 
more sustainable transport system. The report focuses on two elements of NMMT, route redesign 
and depot maintenance. Improvements to the bus system are critical in order to reduce operation 
costs, improve system efficiency, and ensure high levels of customer satisfaction by providing 
quality services. 
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NMMT is currently facing several challenges. As in many cities in developing countries, the 
increase in motorization has led to increase congestion and longer cycle times. As a result, 
service quality has decreased and there is lower customer satisfaction with the service. Another 
current issue is that more than 20% of scheduled kilometers are cancelled due to bus 
breakdowns, cancellation of services, and traffic congestion. Finally, there is a lack of route date, 
which makes the dissemination of information to passengers extremely challenging and makes 
planning for changes difficult. With NMMT’s growing operations and increasing ridership, these 
issues will become even more pressing. Thus, addressing these issues is an important aspect of 
planning for NMMT’s future service. 
 
2.2 Navi Mumbai 
 
Navi Mumbai, located on the west coast of the Indian state of Maharashtra, was developed in 
1972 as a twin city of Mumbai. The city covers an area of approximately 344 square kilometers, 
163 square kilometers of which are under the jurisdiction of Navi Mumbai Municipal 
Corporation (NMMC) (Shaw, 2009). According to the 2011 Census, the population of Navi 
Mumbai is 1,119,477 which represents a significant increase over the population in 1991 of 
397,000.  
 
Figure 2-1 on the following page is a map of India with another map inset of Navi Mumbai and 
its surroundings.  Navi Mumba’s city limits stretch from Airoli near Thane in the north 
to Uran in the south. The length of the city is almost the same as that of Mumbai, approximately 
40km. The Vashi and the Airoli Bridges connect Navi Mumbai to Mumbai. Navi Mumbai is also 
strategically located on the Mumbai-Pune Knowledge Corridor. 
 
2.3 Transportation in Navi Mumbai 
 
In cities across India, the number of privately owned vehicles has been growing and Navi 
Mumbai is no exception. Table 2-1, on the following page, summarizes the growth of vehicle 
ownership in the city between 2009 and 2012. Private vehicles have doubled in a span of three 
years. Within Navi Mumbai, Vashi is the area with the highest average monthly income, at about 
$205 (Rs. 12,349) per month (EMBARQ, 2011). The average monthly household income for 
Navi Mumbai was $160 (Rs. 9,549). As a result, a majority of the population relies on 
public suburban rail line and the bus transport system for their daily commute.  
 
Table 2-1: Motor Vehicles in Navi Mumbai from 2009-2012 
Year 2009 2010 2011 2012 % Growth 
(3 Years) 
Two Wheelers 63,201 76,124 92,756 119, 202 89% 
Cars 38,693 49,298 62,340 83,355 115 % 
Taxis 4,530 4,804 5,434 6,648 47% 
Auto Rickshaws 2,483 3,098 3,542 4,378 76% 
      Source: EMBARQ, 2011 
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2.4 Transit Services Provided and Area Served 
 
The public transport system in Navi Mumbai includes trains, buses, auto rickshaws and taxis. 
Navi Mumbai has six rail corridors comprised of 175km of railways in addition to an 
independent mainline rail terminal connecting the city directly to other parts of the Country. 
Vashi, Sanpada, Juinagar, Nerul, Belapur, Turbhe, Koparkhairane, Ghansoli and Airoli are on 
the Harbour line of the Mumbai Suburban Railway. 
 
Bus public transportation in Navi Mumbai is provided primarily by NMMT, which runs 39 fixed 
routes. NMMT buses travel a total distance of 60,588km daily serving all sectors of the city of 
Navi Mumbai. NMMT also serves a number of neighborhoods outside of NMMC limits, 
including Thane, Badlapur, Dombivali, Kalyan, Kharghar, Panvel and Mulund. On an average 
NMMT buses serve about 230,000 individuals daily. NMMT has the highest running kilometers 
per bus per day in Maharashtra with each bus running an average of 298km daily. 
 
Navi Mumbai is also served by a number of other bus transit providers, including BEST, 
Mumbai’s bus transit provider, Maharashtra State Road Transport Corporation, Kalyan-
Dombivali Municipal Transport, and other private bus providers and inter-city bus services. 
 
2.5 Navi Mumbai Municipal Transport 
 
2.5.1 History and Organizational Structure 
 
Figure 2-2: NMMT Organizational Structure 
 
Source: Navi Mumbai Municipal Transport, 2013 
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Navi Mumbai Municipal Transport Undertaking (NMMT) is the transportation wing of NMMC. 
NMMT has been operating public transportation services in Navi Mumbai since 1996.  Figure 2-
2 on the previous page shows NMMT’s organizational structure. The Transport Manager 
oversees the entire NMMT organization, including the employee and administrative wing, the 
accounts and finance wing, the traffic wing, the engineer and workshop wing and the store and 
purchase wing. 
 
2.5.2 Vehicle Fleet and Facilities 
 
NMMT’s vehicle fleet consists of 336 buses. 156 of these buses are CNG buses while the 
remaining 180 are diesel buses. 36 of these diesel buses are AC Volvo buses, which have air 
conditioning. NMMT’s operational fleet consists of 270 of these buses. NMMT has two bus 
depots: Turhbe Depot and Asudgav Depot. Plans for construction of a third depot at Ghansoli are 
currently underway. 
 
2.5.3 Fare Structure 
 
NMMT has a distanced-based fare structure which is enforced by bus conductors. Bus 
conductors collect destination information and fares from each passenger and then provide them 
with a ticket noting the passenger’s origin and destination. The minimum fare for non-AC buses 
is 5 rupees. For every additional two kilometers traveled the fare increases by 1 rupee and after 
every ten kilometers an additional 10 rupees are charged. The minimum fare for AC Volvo buses 
is 10 rupees. For every additional two kilometers traveled the fare increase by 5 rupees and after 
eight kilometers an additional one-rupee is charged. 
 
2.5.4 Operating Performance 
 
Almost one-quarter of NMMT’s scheduled kilometers are cancelled, for reasons ranging from 
unavailability of buses to traffic. Of NMMT’s 54,386 scheduled trips per month the number of 
actual trips provided per month are 41,546 or 76.3% of the scheduled trips. Similarly, NMMT is 
scheduled to serve 2,888,708 kilometers per month, while the actual number of kilometers run is 
2,229,587 or 77.2% of the scheduled service kilometers. These figures show that during a typical 
month, NMMT misses a total 12,837 scheduled trips and 659,121 scheduled kilometers. 
 
Figure 2-3 on the following page shows the major reasons that scheduled kilometer trips are 
cancelled. An overwhelming majority of schedule kilometers, 70%, are cancelled due to non-
availability of drivers or conductors. Non-availability of buses is the second most common 
reason for cancellation of schedule kilometers, accounting for 18% of cancelled kilometers. The 
last significant of cancellations occurred due to traffic (8%). 
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      Source: Navi Mumbai Municipal Transport, 2013 
 
2.5.6 Financial Performance 
 
Navi Mumbai Municipal Transport’s average revenue per kilometer is 31.5 rupees. The transit 
agency’s revenue per bus per day totaled Rs. 9810, which meant a farebox recovery of 90%. 
However, although the farebox recovery is quite high, NMMT still experienced to a loss of Rs. 
98,600,000 or US$1,573,064, which is extremely high for a cash-strapped transit provider. 
 
Table 2-2 on the following page shows NMMT’s financial performance from 2010 to 2012. 
Total revenues have increased by close to 20% in the past two fiscal years, from Rs. 627,500,000 
in 2010 to Rs. 877,600,000 in 2012. At the same time, the total expenditures have increase in the 
past two fiscal years, by an average of 17.5% each year, from Rs. 703,600,000 in 2010 to Rs. 
976,200,000 in 2012. Total loss decreased by 14% between FY 20010 and FY 2011, but then 
increased by 51% from FY 2011 to FY 2012. Total loss was at its highest in 2012, at Rs. 
98,600,000. Table 2-3 provides a more detailed cost report for the 9-month period between April 
2013 and December 2013. Staff wages account for 43.2% of NMMT’s overall costs while bus 
fuel (both CNG and diesel) account for 33% of overall costs.  
 
Table 2-2: NMMT’s Financial Performance 
Year (Figures in Rupees) % Increase 2009-2011 
% Increase 
2010-2012 2009-2010 2010-2011 2011-2012 
Total Revenue 627,500,000 745,000,000 877,600,000 19% 18% 
Total 
Expenditures 703,600,000 810,300,000 976,200,000 15% 20% 
Profit / Loss (76,100,000) (65,300,000) (98,600,000) -14% 51% 
 
0% 
18% 
72% 
8% 
2% 
Figure 2-3: Reason for Cancellation of 
Scheduled Kilometers 
Due to Accident 
Due to Non-
Availability of Buses 
Due to Non-
Availability Bus 
Driver/Conductor 
Due to Traffic  
For Other Reason 
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Table 2-3: NMMT Costs from April 2013 to December 2013 
 
 
2.6 Project Purpose 
 
Based on the review of NMMT’s current service and costs, it is clear that route redesign and 
improved depot maintenance practices are important considerations for the agency. Route 
redesign would allow NMMT to more efficiently serve demand by increasing frequency and 
service where the passenger demand is greatest, thereby increasing the number of passengers 
served per kilometer traveled. Furthermore, good route redesign recommendations can improve 
passenger perception of service, potentially leading to increased ridership and thereby increased 
revenue. 
 
Depot maintenance is another major concern for NMMT, as improved maintenance practices 
could lead to a significant reduction in the number of unexpected bus breakdowns that occur 
daily as well as on the fuel efficiency of each individual bus. A reduction in the number of daily 
bus breakdowns through depot maintenance practice improvements would significantly improve 
passenger perception of service, which could lead to increased revenue in the long run. Improved 
bus fuel efficiency would lead to immediate savings based on the reduction of the amount of fuel 
used by NMMT buses. 
 
 
 
  
Destription
Total Expenditure 
(Rs.)
Average Monthly 
Expenditure (Rs.)
Fuel      166,260,105.00       18,473,345.00 
C.N.G gas 99,290,000.00      11,032,222.22     
Diesel 66,970,105.00      7,441,122.78       
Oil 5,492,143.00        610,238.11          
Tire, Tube & Retreading 12,868,461.00      1,429,829.00       
Staff Wages 217,909,081.00     24,212,120.11     
Spare Parts 16,140,616.00      1,793,401.78       
Maintenance of Depot 7,013,500.00        779,277.78          
Other charges 8,404,197.00        933,799.67          
Maintenance 46,291,501.00      5,143,500.11       
General bus 28,201,701.00      3,133,522.33       
Volvo bus 18,089,800.00      2,009,977.78       
Registration/Toll Etc. 11,319,836.00      1,257,759.56       
Intrest of Loan (MMRDA) 12,695,000.00      1,410,555.56       
Total 504,394,440.00 56,043,826.67  
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3 Literature Review 
 
3.1 Route Rationalization 
 
The collection of data, particularly service performance and ridership data, is an important part 
of operations planning in the short run and of network design in the long run. Data collection 
allows transit agencies to obtain vital information from customers and is crucial for obtaining trip 
characteristics, travel behavior, demographic characteristics, and customer opinions about the 
service (EMBARQ, 2010). 
 
Transit operators, particularly in developing countries, face increasing pressure due to increasing 
motorization, which takes away transit passengers and increases congestion. As a result, each bus 
is less productive rendering the operation of the system less profitable. These challenges have led 
to many transit authorities trying to increase the efficiency of their bus system and provide better 
transit service to the public, which requires the collection and analysis of ridership data (Silman 
et al., 1974). 
 
There are various types of data that can be used in route rationalization. The review of transit-
data-collection techniques by Booz Allen and Hamilton (1985) documents the most common 
collection techniques, which include ride checks, point checks, and boarding counts. According 
to the Transit Data Collection Design Manual (Furth, 1985), the route-specific data needed for 
effective basic operation planning include total boardings, loads at key points, running time, 
schedule adherence, revenues and some passenger characteristics. Perk and Hinebaugh (1998) 
summarize current practice in route-level performance monitoring and design standards. Most 
performance monitoring schemes rely on ratios, such as boardings per vehicle hour, which 
require a simple analysis of ridership or operation data.  Automatic Vehicle Location (AVL) data 
provides opportunities to study transit performance and reliability issues (El-Geneidy et al., 
2007), limited stop services, and impact of reserved bus lane on running time and on-time 
performance, however, many transit agencies in the developing world cannot afford AVL 
technology. 
 
According to TCRP Report 95 (Pratt and Evans, 2004), there are two main approaches to 
restructuring transit routes: at the route level/for a small group of routes or at the network level. 
At the route level, Pratt and Evans (2004) suggest that restructuring should be undertaken to 
simplify routes, accommodate new travel patterns, ease or eliminate transfers, reduce route 
circuitry, or otherwise alter route configurations. 
 
Once the data has been collected and analyzed, it can be used to increase productivity along 
transportation corridors through the use of routing and scheduling strategies tailored to demand 
pattern, replacing the conventional local service (Site and Filippi, 1998). These include short-
turning and zonal services as well as other route changes. 
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3.2 Depot Maintenance 
 
Depot maintenance is an important component of bus transit operations. It is particularly critical 
in many developing countries, where bus transit companies have limited funding (Kojima, 2001). 
Many cities in the developing world are dominated by old and often fuel-intensive buses with 
high operating costs. In the developing world setting, proper depot maintenance practices can 
prevent bus breakdowns and reduce the time that buses are held out of service while waiting for 
the delivery of parts. This is of great importance to Navi Mumbai Municipal Transport (NMMT), 
as NMMT has an extremely high vehicle breakdown rate of approximately 22%. Additionally, it 
is important to address because 30% of NMMT passengers surveyed stated that their main 
complaint about NMMT was its high number of bus breakdowns. 
 
Depot maintenance is also important because improvements in depot maintenance practices can 
improve a fleet’s fuel efficiency. Improved depot maintenance practices can have a positive 
impact on vehicle fuel efficiency (ICF International, 2011), particularly when practiced at a 
transit agency that also holds driver training sessions that target aggressive and fuel-intensive 
driving practices. Fuel makes up a relatively large fraction of total bus operating costs, especially 
when labor and bus costs are low, as in many developing countries (Jacobs et al., 1981). As such, 
improving depot maintenance practices becomes even more important, as reductions in fuel cost 
can potentially allow an agency to provide more bus service or increase service hours. 
 
As a preface to this review of existing literature, in general, the operating conditions of buses and 
vehicles in developing countries differ from the developed countries. Bus transport normally 
suffers from various limitations, which in turn reduce efficiency. These limitations can stem 
from lack of technical and modern management facilities, lack of financial resources, lack of 
foreign exchange, and lack of good infrastructure. It is therefore important to note that 
maintenance models or practices developed within the context of a developed country may not 
adequately address a seemingly similar problem with a developing or even a semi-developed 
country (Van der Perre, 1997). 
 
According to ICF International, there must be two levels of instruction to ensure that depot 
maintenance practices are successful at reducing breakdowns and improving fuel efficiency. 
First, there must be management and organizational structure to incorporate best practices for 
vehicle maintenance. Second, the specific maintenance or inspection action must have specific 
instructions for carrying out vehicle inspections and/or repairs based on vehicle make and model. 
This is particularly important in the case of NMMT, as they have a variety of vehicle types. 
Collecting good quality data, and analyzing the data with a sophisticated data management 
system is also a critical part of successful depot maintenance. In various cases, the collection and 
analysis of data has produced documented improvements in fleet performance and reduced 
maintenance costs (ICF International, 2011). 
 
According to a document published by the Transportation Research Board (Schiavone, 2005), a 
well-developed maintenance plan should have three key elements. The first element is a written 
maintenance plan that is updated regularly for all vehicles in the fleet. The second element is that 
the agency should have preventative maintenance checklists that are, at minimum, consistent 
with manufacturer requirements for buses under warrantee and that quality assurance and quality 
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control checks on repairs should be conducted regularly by an internal team and periodically by 
an external audit team. Finally, the agency should have a detailed and permanent record keeping 
system that can track the maintenance history of each bus (Schiavone, 2005). 
 
Depot maintenance is a key activity in the operation of any transport system because reliability, 
safety, vehicle life, and fuel efficiency in bus transit systems depend on the maintenance system 
employed by the agency. For most transit operators, maintenance costs are the second highest 
expense category after vehicle operations (Bladikas and Papadimitriou, 1986). Purdy and 
Wiegmann (1987) found that maintenance costs account for approximately 21% of the total 
operating expenses in a typical transit system. These facts make maintenance one of the most 
important and substantial elements of the transit system. Considering that maintenance costs 
have increased 33% faster than vehicle operating costs and four times faster than 
general/administrative costs in recent years (Purdy and Weigmann, 1987), providers of public 
transportation are being challenged by high costs, dwindling sources of support funds, and 
pressures to improve services. Therefore, transit agencies invest in maintenance systems with the 
objective of having a reliable, safe, and attractive transit system. 
 
In most agencies, routine inspections and maintenance are performed at fixed time or mileage 
intervals. Buses go on a list as the deadline for their next inspection or routine maintenance 
approaches, and the list is generally processed in order of the due dates and crew availability for 
the inspection or maintenance that is needed (Haghani et al., 2002). When buses have 
unexpected breakdowns they are pulled out of service and depending on the type of repair 
needed they are either sent to a major repair facility or are scheduled for repair along with the 
buses that need routine inspection and maintenance (Haghani et al., 2002). 
 
The report by Haghani et al. (2002) found that scheduling maintenance activities can have a 
significant impact on the efficiency and effectiveness of the maintenance operations and 
provision of scheduled transit services. Their research found that improvements in maintenance 
scheduling resulted in significant reduction in the amount of time the buses have to be pulled out 
of their scheduled services for preventative maintenance. Haghani et al. also found that with 
improved maintenance scheduling, more buses are inspected on time, which reduces the negative 
impacts of overdue maintenance. It has also been found that when preventative was more 
prevalent, the replacement period increased, resulting in the decrease of average rates of loss, 
cost, and vehicle downtime (Lai et al., 2000). 
 
The EN Guidance Report (2011), which focuses on methods to improve bus fuel economy in 
developing countries, found that the average fuel benefits of improved depot maintenance vary 
from about 6 to 9 percent and that the benefit of repairing low-performing buses in terms of fuel 
economy appears to be a function of vehicle age. Newer buses (4 to 7 years old) appear to have 
between a 4 and 5% improvement in fuel economy while older diesel buses (7 to 14 years old) 
appear to have a fuel economy improvement of between 7 and 8%. 
 
A case study found that in India, the fuel costs for buses in the state of Andhra Pradesh were 
37% of the transit system’s total expenditures in 2009 (APSRTC, 2010). The Andhra Pradesh 
State Road Transport Corporation (ASPRTC) has a long-standing program on operation and 
maintenance practices to improve city-wide bus fleet fuel economy. Data over 29 years show 
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that fuel economy has improved from 4.1 km/L in 1981 to 5.2 km/L in 2010-11 (APSRTC, 
2010). Additionally, ASPRTC’s bus fuel economy was found to be 10 to 12% higher than the 
fuel economy reported for identical buses serving Mumbai’s transit agency (Sudhakararao, 
2010). Although there are differences in route congestion and weather conditions between these 
areas, much of the fuel economy benefits can be attributed to bus operation and management 
practices already in place, demonstrating the impact that improved maintenance practices can 
have on a bus fleet’s fuel efficiency. 
 
3.3 Conclusion 
 
This review of existing literature details methods of data collection and analysis that can be used 
in order to improve NMMT service and depot maintenance practices that are crucial in order to 
ensure a reduction in NMMT bus breakdown rates. The existing literature also demonstrates the 
importance of data collection and route redesign as well as sound depot maintenance practices. 
This literature review demonstrates how improvements to the system brought about through 
route redesign and improvements in depot maintenance practices can significantly improve 
NMMT’s service and reduce costs for the agency. 
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4 Service and System Evaluation 
 
 
 
4.1 Introduction 
 
The purpose of the route rationalization study is to examine transportation patterns along the 
Dombivali-Vashi corridor. The Dombivali-Vashi corridor was chosen for this study because 
three of the five routes that travel along this corridor make less than the system average revenue 
per kilometer. Additionally, the Dombivali-Vashi corridor is one of the system’s busiest corridor. 
The routes that serve this corridor account for approximately 16.4% of NMMT’s monthly 
revenue. Similarly, the five routes traveling along the Dombivali-Vashi corridor account for 
approximately 17% of NMMT’s daily kilometers traveled. The goal of the route rationalization 
is to organize routes along this corridor in a more efficient manner in order to minimize losses 
for NMMT and increase frequency and reliability for riders. 
 
4.2 Dombivali-Vashi Corridor 
 
Five NMMT bus routes travel through the majority of the Dombivali-Vashi corridor. The 
corridor begins at Dombivali Railway Station, which is on the Harbour line of the Mumbai 
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suburban rail network. The corridor continues along Manpada Road and Kalyan Shilphata Road 
toward the MIDC Industrial Area, passing through both Mahape and Turbhe. The corridor ends 
in Vashi, one of Navi Mumbai’s major commercial districts, at the Vashi Railway Station, on the 
harbor line of the Mumbai suburban rail network. Figure 4-1 on the following page is a map 
showing all of the routes that travel along the majority of the Dombivali-Vashi corridor. 
 
The MIDC Industrial Area, located along the study corridor, houses factories and employers in a 
variety of industries including chemical, pharmaceutical, engineering, electronics, and oil and 
processing. These industries, in turn, attract a large number of workers to the area (Shaw, 2004).  
 
4.3 Route Descriptions 
 
Table 4-1 shows the route statistics for the five routes that travel along the Dombivali-Vashi 
corridor. The routes traveling along the corridor are long, with four of the five routes traveling 
over 30km one way. Average speed along the corridor is between 20 and 25 kilometers per hour. 
The hours of operation for routes traveling along the corridor range from 14.5 hours to 21.5 
hours. 
 
Table 4-1: Route Statistics 
  41 42 44 46 60 
Route length (km) 30.2 29.1 40 43.7 34 
Frequency (minutes) 18 - 25 26 - 29 12 - 29 46 13 - 19 
Run time (minutes) 85 80 - 85 95 - 100 110 80 - 90 
Distance travelled daily (km) 3336.3 2392.6 3705.3 1488.2 5227.9 
Fare collected (Rs.) 75527 46684 87578 29,195 1,45,738 
Rs. per km (Rs.) 29.66 34.82 31.2 25.79 36.95 
Hours of operation (hours/day) 21.5 16.5 16.5 14.5 20.5 
Average Speed (km/hour) 21.32 21.04 24.74 23.84 24 
Running km/bus 417.04 341.8 370.53 297.64 373.21 
 
Route 41 is represented in cyan blue in Figure 4-1 on the following page. Route 41 runs between 
Dombivali Railway Station and Vashi Railway Station, passing through Dombivali, the MIDC 
industrial district, and Vashi during the run. Route 41 is 30.2 kilometers in length and has a 
single direction scheduled travel time of approximately 85 minutes. Scheduled headway for the 
route ranges from 18 to 25 minutes. 
 
Like Route 41, Route 42 travels between the Dombivali Railway Station bus stop to the Vashi 
Railway Station bus stop. Unlike Route 41, Route 42 travels through Koparkhairane rather than 
passing through the entirety of the MIDC district. Route 41 is the shortest route that travels along 
the corridor (29.1 kilometers) and the route’s scheduled travel time is between 80 and 85 minutes. 
The scheduled frequency for the route ranges from 26 to 29 minutes. Route 42 is shown in red in 
Figure 4-1. 
 
 
 
Sources: Esri, DeLorme, HERE, USGS, Intermap, increment P Corp., NRCAN, Esri Japan,
METI, Esri China (Hong Kong), Esri (Thailand), TomTom,  Sources: Esri, DeLorme, HERE,
TomTom, Intermap, increment P Corp., GEBCO, USGS, FAO, NPS, NRCAN, GeoBase,
IGN, Kadaster NL, Ordnance Survey, Esri Japan, METI, Esri China (Hong Kong), swisstopo,
and the GIS User Community
¯
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Figure 4-1: NMMT Routes that Travel along the Dombivali-Vashi Corridor
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Route 44 travels between the Dombivali Railway Station bus stop and the Kharghar Vastuvihar 
bus stop. The route is 40 kilometers long and its scheduled travel time is 95 to 100 minutes. The 
route travels through Dombivali and the MIDC industrial district and has stops at Juinagar 
Railway Station and Kharghar Metro Station. Scheduled headway for the route ranges from 12 to 
29 minutes depending on time of day. A visual representation of Route 44 is shown in royal blue 
in Figure 4-1. 
 
Route 46 travels between the Badlapur bus stop and the Vashi Railway Station bus stop. Route 
46 is the longest route that travels along the corridor, with a total distance of 43.7 kilometers. 
The route’s scheduled travel time is 110 minutes and the route has a scheduled headway of 46 
minutes. Unlike the other four routes, route 46 runs only during the morning and evening peak 
hours. Route 42 is shown in purple in Figure 4-1. 
 
Figure 4-1 provides a visual representation of Route 60, represented in maroon. The route travels 
between the Kalyan Railway Station bus stop and Vashi Bus Depot. The route is 34 kilometers 
long and the route’s scheduled travel time is between 80 and 90 minutes. The route’s scheduled 
frequency ranges from 13 to 19 minutes. 
 
4.4 Data Collection Methodology 
 
Three types of surveys were conducted to collect data about trip characteristics, travel behavior, 
and customer opinion about service. The results of these surveys were used when reviewing the 
routes to determine what route changes. These surveys were conducted on 12 days between June 
4 and June 24, 2013. 
 
4.4.1 Boarding-Alighting Surveys 
 
Boarding-alighting surveys are ride check surveys used to determine the number of passengers 
getting on and off the bus at each stop. These surveys are useful in determining high activity 
centers as well as ridership patterns. Boarding-alighting surveys were conducted in both 
directions during morning peak, off-peak, and evening peak travel times for the five routes that 
travel along the Dombivali-Vashi corridor. 
 
Based on recommendation from NMMT staff, morning peak was considered to be between 7:00 
a.m. and 10:00 a.m., while evening peak was considered to be between 5:00 p.m. and 9:00 p.m. 
Two surveyors were required for each run, one to observe the front door and another to observe 
the back door. Each surveyor used a survey form that included the name of each bus stop along 
the route and had space for the surveyor to record the time that the bus left each stop and the 
number of customers that boarded and alighted at that stop. A sample survey form for Route 41 
toward Vashi can be found in Appendix A. 
 
4.4.2 Bus Occupancy Surveys 
 
Bus occupancy surveys were used to observe route frequency as well as overall throughput along 
the corridor. This information is helpful when trying to estimate the number of buses required to 
satisfy demand on the corridor. Bus occupancy surveys were conducted at two bus stops along 
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the Dombivali-Vashi corridor. The surveyor sat at each bus stop and noted the crowd on each 
bus that passed that stop for two hours during the morning peak period. A sample bus occupancy 
survey used can be found in Appendix B. 
 
The crowd on each bus was classified as one of six levels ranging from “empty” to “crowded”. A 
bus with less than ten passengers the bus was considered “empty”. A bus with between ten and 
thirty passengers was considered “half-full”. A bus with between thirty passengers and five 
standing passengers was considered “full”. A bus was considered “standing” when it had 
between five and twenty passengers standing. Finally, a bus was considered “crowded” when 
there were more than twenty passengers standing. 
 
4.4.3 Customer Perception Surveys 
 
Passenger interview surveys were conducted in order to obtain detailed characteristics of 
passenger patterns. These surveys were conducted for two days at bus stops that were determined 
to have a high volume of passengers based on the boarding-alighting surveys. In order to conduct 
these surveys, members of the study team intercepted passengers at the designated bus stops and 
asked them questions for five to ten minutes. The purpose of these surveys was to determine the 
riders’ perception of NMMT’s bus service along the corridor. 
 
4.5 Route-Specific Data Analysis 
 
4.5.1 Introduction 
 
4.5.1.1 Passenger Load Analysis 
 
Boarding and alighting data were used to conduct analysis of boarding and analysis patterns for 
the five routes travelling on the Dombivali-Vashi corridor in order to identify stops where there 
are high levels of activity. Using the boarding and alighting data, the study team calculated the 
number of passengers that were on the bus (also known as the load) at each stop along the route. 
Load analysis was conducted for morning peak, mid-day off-peak, and evening peak for each 
route, as load patterns can vary significantly by time of day. 
 
4.5.1.2 Boarding-Alighting Analysis 
 
As discussed in the methodology section, boarding and alighting patterns were collected using 
boarding and alighting surveys. The figures in these sections help to visualize the boarding and 
alighting patterns of each route in order to identify stops where there are high levels of activity 
and to gain a better understanding of bus trip patterns. 
 
4.5.1.3 Travel Time Assessment 
 
Travel time analysis was conducted using the travel time information collected through 
boarding-alighting surveys. High variation in observed travel time is an indicator of congestion, 
long dwell times due to high passenger activity, and other factors. Though these factors cannot 
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be controlled by NMMT, it is important to recognize these factors as they impact bus service 
reliability and can affect route scheduling. 
 
4.5.1.4 Frequency Adherence 
 
Frequency analysis was conducted using data collected during the bus occupancy surveys. This 
analysis allowed the study team to compare the scheduled route frequency and the observed 
route frequency in order to determine whether the scheduled route frequency is being adhered to. 
 
4.5.2 Route 41 Analysis: Key Observations 
 
• During both the morning and evening peak a high number of passengers board the bus at 
Kalyan Railway Station and make longer trips toward Vashi, traveling for over half the 
length of the route. 
• The observed average travel time is within the scheduled travel time traveling toward 
Vashi and just 5 minutes over scheduled travel time traveling toward Kalyan. 
• There is bunching along the route, with short headways followed by longer headways in 
both directions. 
• There was a great deal of variation between observed travel times during the morning and 
evening peak as well as large intraday travel time variation. 
 
For a complete analysis of Route 41’s passenger load analysis, boarding-alighting patterns, travel 
time assessment, and scheduled versus observed frequency, please see Appendix C. 
 
4.5.3 Route 42 Analysis: Key Observations 
 
• The evening peak trip toward Dombivali has an extremely high load (over 90 passengers 
on the bus) for more than 10 stops. 
• The majority of trips observed along this route were longer, with the exception of trips 
from Dombivali to Vashi during evening peak, which served approximately the same 
number of shorter and longer trips. 
• There was a significant variation in observed travel time, ranging from 75 to 103 minutes 
for trips toward Vashi and 79 to 113 minutes for trips toward Dombivali. 
• Observed frequency was between 9 and 31 minutes greater than scheduled frequency. 
• There was a great deal of variation between observed travel times during the morning 
peak, mid-day and evening peak. 
 
For a complete analysis of Route 42’s passenger load analysis, boarding and alighting patterns, 
travel time assessment, and scheduled versus observed frequency, please see Appendix D. 
 
4.5.4 Route 44 Analysis: Key Observations 
 
• The evening peak trip toward Dombivali has an extremely high load of over 90 
passengers for over 10 stops. 
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• Passenger activity between Belapur Railway Station and Kharghar Vastuvihar accounts 
for a very small portion of overall boardings and alightings during all time periods. 
• One-way travel time was at least 30 minutes greater than scheduled travel time in all 
cases. 
• Bus bunching occurred in the morning toward Vashi, when a headway of 3 minutes was 
followed by a headway of 42 minutes. 
• There was a great deal of variation between observed travel times within each peak as 
well as large intraday travel time variation. 
 
For a complete analysis of Route 44’s passenger load analysis, boarding and alighting patterns, 
travel time assessment, and scheduled versus observed frequency, please see Appendix E. 
 
4.5.5 Route 46 Analysis: Key Observations 
 
• Toward Vashi, the load was low in both the morning and evening peak, while toward 
Badlapur the load reaches 92 in the morning between APMC Market and Sunravi 
Printers, the portion of the route that is served by Routes 41, 42, and 44. 
• Toward Vashi, about half of passengers are riding for the entirety of the route, while the 
other half are riding for about half of the route, meaning a shortened route could help 
relieve some of the load by serving passengers traveling for the shorter portion of the 
route. 
• Observed travel times were between 20 and 30 minutes longer than scheduled travel time. 
 
For a complete analysis of Route 46’s passenger load analysis, boarding and alighting patterns, 
travel time assessment, and scheduled versus observed frequency, please see Appendix F. 
 
4.5.6 Route 60 Analysis: Key Observations 
 
• During both the morning and evening peak a high number of passengers board the bus at 
Kalyan Railway Station and make longer trips toward Vashi, traveling for over half the 
length of the route. 
• The average observed travel time is within the scheduled travel time traveling toward 
Vashi and just 5 minutes over scheduled travel time traveling toward Kalyan. 
• There is bunching along the route in both directions, with short headways followed by 
longer headways in both directions. 
• There was a great deal of variation between observed travel times during the morning 
peak, mid-day and evening peak. 
 
For a complete analysis of Route 60’s passenger load analysis, boarding and alighting patterns, 
travel time assessment, and scheduled versus observed frequency, please see Appendix G. 
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4.6 Corridor Analysis 
 
4.6.1 Introduction 
 
4.6.1.1 Passenger Opinion Analysis 
 
Passenger opinion data was collected by conducting passenger opinion surveys at stops along the 
corridor on June 27 and June 28, 2013. Riders were asked a number of questions, including what 
they believed to be the biggest issue with NMMT’s service along the corridor. This information 
is useful in understanding how users perceive NMMT’s bus service. 
 
4.6.1.2 Bus Occupancy Analysis 
 
Data from bus occupancy surveys were used to analyze whether buses traveling along the 
corridor are over-crowded as well as to determine the overall demand for buses traveling along 
the corridor. As discussed in the methodology section, bus occupancy surveys were conducted at 
two stops along the Dombivali-Vashi corridor: Mahape Bus Depot and Turbhe Naka. 
 
4.6.2 Dombivali-Vashi Corridor Analysis 
 
4.6.2.1 Service Quality Analysis 
 
Road conditions along the MIDC industrial area are extremely poor, particularly during the 
monsoon season. The road has numerous severe potholes that not only cause discomfort to 
riders, but also lead to damage to the buses. When it is raining heavily during monsoon season 
there are portions of road along the corridor that cannot adequately handle two-way traffic 
leading to significant delay, as each bus must wait for vehicles traveling in the opposite direction 
to pass. Though this problem is not under NMMT’s jurisdiction, it is worth noting as it is not 
only causing delay and discomfort, but also costing NMMT money. 
 
NMMT bus service suffers from a range of other uncontrollable factors including traffic 
congestion and passenger demand variations. Traffic congestion in particular can lead to bus 
bunching and difficulty adhering to schedules, particularly on the corridor’s longer routes where 
there is less leeway for issues. 
 
As part of the origin-destination surveys, respondents were asked what they considered to be the 
biggest issue with the NMMT route that they take. The responses can be found in Figure 4-2 on 
the following page. The most common answers were frequency and bus 
maintenance/breakdowns. Schedule adhere was the third most common answer, followed by bus 
condition and, finally, traffic. Other issues that were stated were the road condition, high fares, 
bad driving, and the lack of a pass for senior citizens. 
 22 
 
 
4.6.2.3 Bus Occupancy Analysis 
 
For the bus occupancy survey, two stops along the route were chosen for analysis based on their 
location in the middle of the corridor. Surveys were conducted during the morning peak period, 
with one stop used to observe buses traveling toward Vashi and the other used to observe buses 
traveling to Dombivali. Mahape Bus Depot and Turbhe Naka were chosen as the two stops. For 
the sake of this analysis, only buses serving the routes in this study were noted, as this data 
allows for a better analysis of demand along the entirety of the Dombivali-Vashi corridor. 
 
Figure 4-3 on the following page shows the occupancy level of buses traveling toward Vashi 
when they arrived at Mahape Bus Depot. Of the 21 buses that passed Mahape Bus Depot, over 
70% were ‘crowded’, meaning that there were over 20 passengers standing. Just 20% of buses 
were considered ‘full’, meaning there were up to 5 passengers standing. No buses were classified 
as ‘half-full’ or ‘empty’. This figure demonstrates that occupancy is high along the corridor 
during the morning peak and that bus capacity is being met on a majority of NMMT buses 
traveling through the corridor.  
 
Figure 4-4 shows the bus occupancy level of buses traveling toward Dombivali when the arrived 
at Turbhe Naka. Over 80% of the corridor buses that arrived at Turbhe Naka were classified as 
‘standing’ or ‘crowded.’ These observations show that there are not enough buses being operated 
during the morning peak period, as an overwhelming majority of buses traveling during this 
period are close to or at capacity. 
Frequency 
30% 
Maintenance 
30% 
Schedule 
18% 
Bus condition 
9% 
Traffic 
8% 
Other 
5% 
Figure 4-2: Biggest Issues with NMMT Route 
According to Passengers 
n=98 
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These figures demonstrate the number of NMMT buses serving the corridor should be increased 
in order to increase capacity along the corridor and reduce the crowding that was observed. As 
such, the recommendations that follow will address the need for NMMT to increase capacity 
along the corridor.  
  
Number 
Crowded 13 
Standing 2 
Full 3 
Half-full 0 
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Figure 4-3: Occupancy at 
Mahape Bus Depot toward Vashi 
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Figure 4-4: Occupancy at 
Turbhe Naka toward Dombivali 
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5 Route, Corridor and System Recommendations 
 
The previous chapter provided an evaluation of current NMMT services as well as an analysis of 
transit needs along the Dombivali-Vashi corridor based on quantitative data and input from 
NMMT customers. Based on the service review and needs assessment, there are a number of 
service improvements that should be considered for implementation. There are three types of 
recommendations offered in this chapter: route-specific recommendations, corridor 
recommendations and system-wide recommendations. The alternatives in this chapter focus on 
restructuring routes along the corridor to improve frequency, reliability and customer perception 
of the service. 
 
In this chapter, each recommendation is explained and potential advantages and disadvantages of 
the recommendation are summarized. It should be noted that these alternatives are designed to 
serve as a starting point and can be modified as needed based on the needs of Navi Mumbai. 
 
5.1 Route Specific Recommendations 
 
5.1.1 Recommendation 1: Implement short turning route that runs from Vashi to 
Kalyan Fata  
 
Route 41 has an observed travel time of approximately 1 hour and 40 minutes and an observed 
frequency of 44 minutes. Buses serving this route were classified as standing or crowded, 
indicating that existing capacity is not sufficient to serve the route’s demand. As such, the 
implementation of a short-turning route is recommended. Under this recommendation, 5 of the 
route’s buses would continue traveling the entirety of Route 41, while the route’s 3 remaining 
buses would serve a shortened route that would travel from Vashi Bus Depot to Kalyan Fata. 
 
Data indicate that the implementation of a short turning route from Vashi to Kalyan Fata would 
alleviate some of the crowding on Route 41 by using 3 buses to serve only the part of the route 
with a higher demand. During the morning peak hours, the short turning route would serve 33% 
of riders traveling toward Vashi and 59.5% of riders toward Dombivali, ideally allowing these 
riders to benefit from the short turning service and alleviating some of the crowding from the 
buses traveling the entirety of Route 41. This change would result in the route’s 8 buses being 
used more efficiently.  
 
Table 5-1 provides the distance, cycle times, and headways for each of the routes under the short 
turning proposal. Figure 5-1 on the following page provides a visual representation of Route 41 
and the proposed short turning route. 
 
Advantage: 
• Route 41 and an accompanying short-turning route will more efficiently serve demand 
along Route 41, thereby reducing crowding for passengers. 
 
Disadvantage: 
• Frequency would be reduced for buses traveling the entirety of Route 41. 
Sources: Esri, DeLorme, HERE, USGS, Intermap, increment PCorp., NRCAN, Esri Japan, METI, Esri China (Hong Kong), Esri(Thailand), TomTom,  Sources: Esri, DeLorme, HERE, TomTom,Intermap, increment P Corp., GEBCO, USGS, FAO, NPS,NRCAN, GeoBase, IGN, Kadaster NL, Ordnance Survey, EsriJapan, METI, Esri China (Hong Kong), swisstopo, and the GISUser Community
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Figure 5-1: Recommendation 1 - Route 41 and Short Turning Route
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Table 5-1: Recommendation 1 Route Information 
    1-Way Travel Time Route Information 
  
 
Distance Range Average 
Cycle 
Time Vehicles Headway 
    (kms) (minutes) (minutes) (minutes) (number) (minutes) 
Allocation 1             
  Dombivali to Vashi 30.2 95-105 100 205 5 41 
  Short Turning Route 17.3 60-65 62.5 135 3 45 
Allocation 2             
  Dombivali to Vashi 30.2 95-105 100 205 6* 34 
  Short Turning Route 17.3 60-65 62.5 135 3 45 
*requires 3 additional vehicles   
 
5.1.2 Recommendation 2: Run Route 44 from Dombivali to Belapur 
 
Route 44 should be modified so that it runs between Dombivali and Belapur Railway Station. 
The data shows that the majority of passenger activity is occurring between Dombivali and 
Belapur Railway Station, with minimal passenger activity occurring between Belapur and 
Kharghar. Figure 5-2 on the following page shows morning and evening peak loads of Route 44 
toward Dombivali with activity between Dombivali and Belapur as well as between Belapur and 
Kharghar clearly marked. Figure 5-3 shows boardings and alighting patterns of Route 44 toward 
Kharghar, again showing activity between Dombivali and Belapur as well as activity between 
Belapur and Kharghar. These figures clearly show that passenger demand is concentrated 
between the Dombivali and Belapur Railway Station stops. 
 
Figure 5-4 provides a visual representation of the recommended route change while Table 5-2 
includes information about both Route 41 and the shortened route 
 
Table 5-2: Recommendation 2 Route Information 
  1-Way Travel Time Route Information 
  Distance Range Average Cycle Time Vehicles Headway 
  (kms) (minutes) (minutes) (minutes) (number) (minutes) 
Dombivali to Belapur 32.3 105-115 110 235 10 24 
 
Advantages: 
• Will increase reliability of service along the new route serving between Dombivali and 
Belapur, due to the route’s shortening; 
• Will improve efficiency of buses serving the route, as passenger demand (which is 
highest between Dombivali and Belapur) would be better served; 
• This change is cost-neutral, other than the new signs that would have to be created for the 
bus traveling between Belapur and Kharghar. 
 
Disadvantage: 
• Riders traveling between Dombivali and beyond Belapur will be required to transfer 
vehicles, taking another route that travels to Kharghar.  
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Figure 5-2: Passenger Load on Route 44 toward Dombivali by Route Segment 
  
Figure 5-3: Passenger Load on Route 44 toward Kharghar by Route Segment 
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Figure 5-4: Recommendation 2 - Shorten Route 44
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5.1.3 Recommendation 3: Split Route 46 into Two Routes 
 
Route 46 is the longest route traveling along the Dombivali-Vashi corridor, with a one-way 
distance of over 43 kilometers. The length of the route increases the opportunity for delay along 
the route due to traffic or other uncontrollable factors. Under this recommendation, Route 46 
would be split into two separate routes in order to improve schedule adherence and improve 
customer perception of the service traveling from Vashi to Badlapur. 
 
Figure 5-5 provides a visual representation of the two routes that would be created under this 
recommendation. The first route would travel from Vashi to Kalyan Fata, a distance of 17.3 
kilometers while the second route would travel from Kalyan Fata to Badlapur, a distance of 26.4 
kilometers. Kalyan Fata was chosen as the transfer point because using Kalyan Fata as a transfer 
point between the two routes would minimize the number of passengers that would have to 
transfer to complete their trip. According to data collected from boarding and alighting surveys 
on route 46, only 11% and 23% of passengers would have to transfer traveling toward Badlapur 
during AM and PM peak, respectively. Similarly, 15% and 12% would have to transfer if Route 
46 were split into two during AM and PM peak toward Vashi. 
 
Given that the travel time for the two proposed routes are similar (65 minutes from Vashi to 
Kalyan Fata and 72 minutes from Kalyan Fata to Badlapur), the buses can be scheduled such that 
they both arrive at Kalyan Fata at the same time, ensuring a short transfer time for those who are 
required to transfer with two routes. Table 5-3 shows the projected travel times and route 
information for the two routes proposed under this recommendation. 
 
Table 5-3: Recommendation 3 Route Information 
    1-Way Travel Time Route Information 
    Distance Range Average 
Cycle 
Time Vehicles Headway 
    (kms) (minutes) (minutes) (minutes) (number) (minutes) 
Allocation 1             
  Badlapur to Kalyan Fata 26.4 60-70 65 135 2 67.5 
  Kalyan Fata to Vashi 17.3 70-75 72.5 150 3 50 
Allocation 2             
  Badlapur to Kalyan Fata 26.4 60-70 65 135 3* 45 
  Kalyan Fata to Vashi 17.3 70-75 72.5 150 3 50 
*requires 1 additional vehicle 
 
Advantages: 
• Will improve reliability along the route; 
• Will increase frequency along each route if bus allocation 2 is chosen. 
 
Disadvantage: 
• Will require some riders traveling between Vashi and Badlapur to transfer at Kalyan Fata 
if they are traveling further along the route than the stop. 
 
  
Sources: Esri, DeLorme, HERE, USGS, Intermap, increment P Corp., NRCAN, Esri Japan,
METI, Esri China (Hong Kong), Esri (Thailand), TomTom,  Sources: Esri, DeLorme, HERE,
TomTom, Intermap, increment P Corp., GEBCO, USGS, FAO, NPS, NRCAN, GeoBase,
IGN, Kadaster NL, Ordnance Survey, Esri Japan, METI, Esri China (Hong Kong), swisstopo,
and the GIS User Community
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5.2 Corridor Recommendations 
 
5.2.1 Recommendation 4: Implement Recommendations 1 and 3 
 
Route Recommendation 1 recommends creating a short turning route that travels a portion of 
Route 41 (from Vashi to Kalyan Fata) while Route Recommendation 3 recommends splitting 
Route 46 into two routes, one traveling from Vashi to Kalyan Fata and another traveling from 
Kalyan Fata to Badlapur. If both Route Recommendation 1 and Route Recommendation 3 are 
implemented, buses serving from Vashi to Kalyan Fata in each scenario will serve passengers 
traveling along both of these routes, meaning that the existing fleet serving these two routes 
would be able to serve passenger demand more efficiently and with greater frequency. 
 
Table 5-4: Recommendation 4 Route Information 
    1-Way Travel Time Route Information 
    Distance Range Average Cycle Time Vehicles Headway 
    (kms) (minutes) (minutes) (minutes) (number) (minutes) 
Allocation 1             
  Dombivali to Vashi 30.2 95-105 100 205 5 39 
  Kalyan Fata to Vashi 17.3 60-65 62.5 135 4 34 
  Badlapur to Kalyan Fata 26.4 110-115 112.5 150 4 37.5 
Allocation 2             
  Dombivali to Vashi 30.2 95-105 100 205 6* 34 
  Kalyan Fata to Vashi 17.3 60-65 62.5 135 4 34 
  Badlapur to Kalyan Fata 26.4 110-115 112.5 150 4 37.5 
*requires 1 additional vehicle 
 
Figure 5-6 shows the routes for this recommendation, while Table 5-4 shows the travel times and 
headways that would result from this recommendation. 
 
Advantages: 
• Will serve demand along Route 41 more efficiently; 
• Will increase capacity between Vashi and Kalyan Fata, thereby reducing crowding; 
• Will improve reliability for passengers taking the route from Vashi to Kalyan Fata, due to 
the route’s shorter distance; 
• Will improve reliability for passengers traveling from Kalyan Fata to Belapur. 
 
Disadvantages: 
• Numerous former Route 41 riders will have to transfer at Kalyan Fata while a small 
portion of Route 46 riders will have to transfer at Kalyan Fata if they are traveling further 
than the shortened routes; 
• A transfer station should be built at Kalyan Fata, which will be costly. 
 
 
  
Sources: Esri, DeLorme, HERE, USGS, Intermap, increment P Corp., NRCAN, Esri Japan,
METI, Esri China (Hong Kong), Esri (Thailand), TomTom,  Sources: Esri, DeLorme, HERE,
TomTom, Intermap, increment P Corp., GEBCO, USGS, FAO, NPS, NRCAN, GeoBase,
IGN, Kadaster NL, Ordnance Survey, Esri Japan, METI, Esri China (Hong Kong), swisstopo,
and the GIS User Community
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5.2.2 Recommendation 5: Trunk and Feeder Service 
 
Recommendation 5 is to implement a trunk and feeder service between Dombivali Railway 
Station and Vashi Railway Station. This recommendation would address the insufficient capacity 
of buses currently serving the Dombivali-Vashi corridor by using available buses in a more 
efficient manner. Figure 5-7 shows the difference between direct service, which is currently 
provided along the Dombivali-Vashi corridor, and trunk and feeder service, as proposed in this 
recommendation. The trunk and feeder service model would allow services to better match 
demand, as frequency along the trunk corridor, and thus capacity, would increase significantly. 
 
Under this recommendation, Routes 41, 42, 46, and 60 would be restructured. A primary trunk 
route would run from Lodha Heaven to Vashi Railway Station. There would also be a variation 
on the trunk route that would run from Lodha Heaven to Vashi Railway Station via 
Koparkairane. Feeder routes would run from Dombivali to Lodha Heaven, from Kalyan to Lodha 
Heaven, and from Badlapur to Lodha Heaven.  
 
Figure 5-8 shows the reconfiguration of the routes serving the Dombivali-Vashi corridor under 
the trunk and feeder system. Table 5-5 on the following page shows the statistics for the routes 
under this recommendation 
 
 
Figure 5-7: Direct Service System versus Trunk and Feeder System 
 
 
Advantages: 
• Will significantly improve frequency along the entirety of the corridor; 
• Will lead to improved rider perception of NMMT service along the corridor 
 
Disadvantages: 
• Will require a transfer where one was not previously required, though due to the 
increased frequency inconvenience to customers would be minimized; 
• Will require the construction of a robust transfer station at Lodha Heaven. 
 
 Sources: Esri, DeLorme, HERE, TomTom, Intermap, increment P Corp., GEBCO, USGS,
FAO, NPS, NRCAN, GeoBase, IGN, Kadaster NL, Ordnance Survey, Esri Japan, METI, Esri
China (Hong Kong), swisstopo, and the GIS User Community¯
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Table 5-5: Recommendation 5 Route Information 
      
1-Way Travel 
Time Route Information 
    Distance Range Average 
Cycle 
Time Vehicles Headway 
    (kms) (min) (min) (min) (num) (min) 
Allocation 1             
  Lodha to Vashi 22.8 60-70 65 150 11 14 
  Lodha to Vashi via Kop. 21.7 60-75 65 155 7 22 
  Dombivali to Lodha 7.4 30-35 32 75 5 15 
  Badlapur to Lodha 20.8 60-70 65 145 3 48 
  Kalyan to Lodha 11.3 30-40 33 75 5 15 
Allocation 2   
  
  
 
  
  Lodha to Vashi 22.8 60-70 65 150 12 12.5 
  Lodha to Vashi via Kop. 21.7 60-75 65 155 7 22 
  Dombivali to Lodha 7.4 30-35 32 75 5 15 
  Badlapur to Lodha 20.8 60-70 65 145 3 48 
  Kalyan to Lodha 11.3 30-40 33 75 5 15 
 
5.2.3 Recommendation 6: Branding and Marketing of New Route 
Configurations 
 
Along with any service changes, buses serving any modified routes should have a distinct and 
recognizable name and brand in order to differentiate the new, improved service from previous 
service along the corridor. Branding can include creating a new brand name that distinguishes 
the bus service from other regular transit services operating in the same region or area, a logo 
that communicates the distinct nature of the specific bus service (EMBARQ, 2012). This re-
branding of the buses serving the corridor is an important component of the corridor 
recommendations, as it will allow the redesigned routes to be easily identified by riders. 
 
Figure 5-9 on the following page shows an example of branding used by the VIVA BRT system 
in York Region, Canada. The branding created was applied to every aspect of the system from 
the colors and logo on the vehicles to network maps to advertisements. These distinct colors and 
the powerful logo make the system easy to identify (EMBARQ, 2012). 
 
Advantages: 
• Will improve customer perception of the service and lead to increased ridership; 
• Changing the names of the routes will be a relatively low-cost option, as only new signs 
would have to be created at a minimal cost to NMMT. 
 
Disadvantages: 
• Will be costly if vehicles are branded and a new logo is created. 
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Figure 5-9: Branding and Marketing of VIVA BRT System in York, Canada 
 
 
 
5.2.4 Recommendation 7: Dedicated Bus Lane along the Corridor 
 
Frequency analysis found that many of the routes traveling along the corridor suffered from bus 
bunching (high variations in headways, with two buses arriving in quick succession, followed by 
a longer-than-scheduled headway until the next buses arrive). Though buses are scheduled to 
arrive in evenly spaced intervals, external factors such as traffic and variations in passenger 
activity, and therefore dwell time, leads to this bunching. 
 
One way to address the issue of bus bunching is to reduce the impact that traffic has on schedule 
adherence by creating a dedicated bus lane, used exclusively by buses. Such a lane would ensure 
that buses can attain high travel speeds and will improve travel time, reliability, and user 
perception of the service along the Dombivali-Vashi corridor. Figure 5-9 shows the location 
along the corridor where a dedicated lane would be the most beneficial, as it is where traffic is 
the largest issue and there are enough lanes on the existing road that converting a lane to a bus-
only lane is a feasible option. 
 
Advantages: 
• Will increase reliability for the route, which data has shown to have the most bus 
bunching; 
• Will reduce travel time for all 5 of the routes that travel along the corridor. 
 
Disadvantages: 
• Will be controversial and likely politically unpopular. 
Sources: Esri, DeLorme, HERE, USGS, Intermap, increment P Corp., NRCAN, Esri Japan,
METI, Esri China (Hong Kong), Esri (Thailand), TomTom,  Sources: Esri, DeLorme, HERE,
TomTom, Intermap, increment P Corp., GEBCO, USGS, FAO, NPS, NRCAN, GeoBase,
IGN, Kadaster NL, Ordnance Survey, Esri Japan, METI, Esri China (Hong Kong), swisstopo,
and the GIS User Community
¯
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5.3 System-Wide Recommendations 
 
The adoption of Intelligent Transportation Systems (ITS) such as electronic passenger 
information systems, vehicle location systems, and fleet management has become an important 
part of many bus systems around the world. The following system-wide recommendations 
suggest the acquisition and use of ITS systems that would improve NMMT performance and 
simplify data collection. 
 
5.3.1 Recommendation 8: Purchase an Automatic Vehicle Location (AVL) 
System 
 
Automated vehicle location (AVL) systems are computer-based tracking systems that measure 
the real time position of each vehicle in a fleet and relay the information to a central location.  
The study team recommends that NMMT employ the Global Positioning Satellite (GPS) AVL 
system technique. Under the GPS technology technique, an onboard GPS receiver determines the 
bus position and transmits the information to the control center (FTA, 2009). AVL systems allow 
transit agencies to track their vehicles in real time. The installation of on-board GPS systems 
would be a cost-effective way to intelligently manage public transportation in Navi Mumbai, as 
AVL information can be used to improve the efficiency of transit operations. Installing an AVL 
system on NMMT vehicles would allow NMMT officials to make timely schedule adjustments 
and equipment substitutions based on real-time information and help dispatchers ensure that 
buses aren’t bunching along any NMMT routes. 
 
In addition to allowing monitoring and management of the system in real-time, the installation of 
on-board GPS devices would simplify data collection for the future. Very few of the routes 
traveling along the corridor had an observed travel time that fell within the scheduled travel time 
for the route. According to the data collected during this study, the scheduled travel times along 
this corridor were not correct. GPS tracking would allow for more data to be collected about 
travel times, which could lead to the identification of correct travel times. Though this 
recommendation is a vision recommendation, due to the high cost of purchasing such a system, 
NMMT officials should be aware that such a system exists and that it is something that should be 
kept in mind if NMMT receives money from the government or from a grant.  
 
Advantages: 
• Will increase operating efficiency and service reliability; 
• Will improve response to service disruptions; 
• Will improve detection of mechanical problems. 
 
Disadvantages: 
• Will be costly. 
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5.3.2 Recommendation 9: Purchase and Use Scheduling Software 
 
Recommendation 9 is that NMMT purchase and begin using scheduling software. NMMT’s 
current scheduling is done manually and therefore using scheduling software simplify the 
process of creating schedules and would make the provision of timed transfers, which are crucial 
for some of the earlier recommendations, much easier to achieve. Procuring scheduling software 
would also be beneficial to NMMT, given that many of the existing schedules are based travel 
times that are inaccurate. The use of scheduling software would simplify the task of creating 
more accurate schedules for the routes in the system, which would address NMMT’s poor 
schedule adherence. 
 
Advantages: 
• Will facilitate the creation of time transfers; 
• Will greatly simplify scheduling. 
 
Disadvantages: 
• Will be costly. 
 
5.4 Summary of Recommendations 
 
The recommendations put forth in this chapter are simple and implementable solutions that could 
improve the frequency and capacity of NMMT’s bus service and improve customer perception of 
NMMT’s service. Table 5-6 on the following page summarizes these recommendations and the 
impact that they could have on NMMT service if implemented. 
 
Table 5-6: Summary of Route Change Recommendations 
  Action Impact 
R
O
U
TE
 
Recommendation 1:                                  
Add short-turn route along Route 41 
Increases to the number of trips with use of 
existing fleet 
Recommendation 2:                         
Terminate Route 44 at Belapur Station 
Improves operational efficiency; better 
serves demand 
Recommendation 3:                                 
Split Route 46 into Two 
Improves schedule adherence and 
reliability 
C
O
R
R
ID
O
R
 
Recommendation 4:                                   
Enact both Recommendations 1 and 3 
Improves schedule adherence and 
reliability; increases number of trips 
Recommendation 5: Trunk and Feeder Increases frequency of all routes and 
provides more reliable service with the use 
of existing fleet 
  Allocation 1 
  Allocation 2 
Recommendation 6:                          
Branding and marketing of new routes 
Improves customer perception of service; 
provides unified vision of service 
Recommendation 7:                              
Dedicated bus lane along corridor 
Eliminates effects of traffic congestion;  
improves reliability 
SY
ST
EM
 
Recommendation 8-9: ITS Improvements Improves service delivery 
  On-Board GPS Units 
  Scheduling Software 
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6 Depot Maintenance 
 
 
 
6.1 Introduction 
 
Depot maintenance is a crucial component of bus transit operations and is one of the major issues 
with which public transit agencies are faced. Given that one of NMMT’s major barriers to 
providing reliable service is its high vehicle breakdown rate of approximately 22%, this chapter 
will detail best maintenance practices and put forth recommendations that should be 
implemented in order to improve maintenance practices and NMMT’s breakdown rate. 
 
Bus maintenance can be divided into three categories: daily inspection, preventative 
maintenance, and emergency maintenance. The daily inspection category includes any general 
checks by bus operators or other personnel at the beginning or at the end of the daily run, so in 
this case no scheduling is needed. Preventative maintenance includes the regular inspection of 
buses in pre-specified mileage or time intervals. This type of maintenance is the bulk of the 
maintenance work at the local facilities. Finally, the emergency maintenance category includes 
maintenance required when buses have unexpected breakdowns. This maintenance occurs when 
a mechanic is dispatched to a site to determine the cause and nature of the breakdown and, if 
possible, to fix it. This type of maintenance represents a significant drain on maintenance 
resources because a job in progress must be put on hold to dispatch a mechanic to the breakdown 
site (ICF International, 2011). 
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6.2 Existing Situation 
 
Data was collected about NMMT’s current depot maintenance practices through meeting with 
NMMT staff. NMMT buses undergo preventative maintenance every 3,000, 18,000, and 36,000 
kilometers. After 7 to 8 years of service, buses undergo a Mid-Life Attention (MLA) or a Major 
Overhaul (MOH) servicing. After another 7 to 8 years of service, everything but the bus chassis 
is replaced, which extends the bus life by another 5 to 6 years. As a result, buses typically have a 
life of approximately 15 to 20 years. 
 
NMMT has a breakdown maintenance procedure that is undertaken when a breakdown or 
emergency occurs. As part of the breakdown maintenance procedure, the driver of the bus that 
has broken down fills out a bus card which provides information to maintenance and engineering 
staff about which bus requires a procedure and what the issue seems to be. While NMMT has 
preventative maintenance and a breakdown procedure, the transit provider does not have a 
maintenance plan, nor does it keep a maintenance history for each bus (NMMT, 2014). 
 
6.3 Important Components of a Depot Maintenance Program 
 
6.3.1 Written Maintenance Plan 
 
First, there must be a written maintenance plan that is updated regularly for all vehicles in the 
fleet. Again, this is particularly important for NMMT, given that they have a variety of vehicle 
types and engines, which makes maintenance more challenging for NMMT mechanics. 
 
6.3.2 Daily Inspections 
 
Daily inspections should be conducted by a mechanic who checks tire pressure and fluid levels 
and by a driver who does a walk around check. If checks reveal that the bus is safe to operate, the 
driver will complete and initial the daily inspection report log. If checks reveal a defect, the 
driver will complete the daily inspection report log and report that a defect was found (ICF 
International, 2011). 
 
6.3.3 Preventive Maintenance 
 
Preventive maintenance should be scheduled on a periodic basis to inspect bus components, 
make adjustments, replace lubricating fluids, and care for the bus’s mechanical system. This 
maintenance activity is meant to prevent failures. The intervals at which maintenance is 
performed can be based on time, mileage, or a combination of both, depending on NMMT’s 
approach. Preventive maintenance can also help identify buses that have low fuel efficiency and 
target improving the efficiency of those vehicles, which would result in monetary savings for 
NMMT.  
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6.3.4 Unscheduled Maintenance/Emergency Maintenance 
 
Most agencies monitor unscheduled maintenance as an indication of equipment performance. 
While unscheduled maintenance can never be eliminated, changes to depot maintenance 
practices can affect the frequency of such maintenance and its duration. Increases in unscheduled 
maintenance, which can be classified into specific bus systems, such as engines or breaks, alert 
managers to look at the underlying cause so that the problem causing the maintenance can be 
addressed. 
 
6.3.5 Tailor Practices to Local Conditions 
 
It is important for NMMT officials to tailor their maintenance practices to the conditions in Navi 
Mumbai. Given the extremely warm weather in Navi Mumbai, particularly during the summer 
months, NMMT officials should clean out radiators monthly with a suitable solvent and flush 
with water to prevent overheating and tighten hose clamps during preventative maintenance 
inspections (ICF International, 2011). Additionally, a greater number of preventative 
maintenance checks should be undertaken during monsoon season, when breakdown rates are the 
highest. 
 
6.4 Potential Savings 
 
For diesel buses NMMT’s current average kilometers per liter (kmpl) is 2.63 and for CNG buses 
the average kilometers per kilogram (kmkg) is 3.05. These values are low compared to what 
other agencies have been able to achieve in India. Every year NMMT spends about 7.22 million 
USD on fuel. Even a 5 percent reduction in fuel usage will result in about 0.36 million USD 
savings for NMMT, which can be invested back into improving other aspects of NMMT’s 
service. With rising fuel prices this potential saving will only increase. 
 
6.5 Depot Maintenance Recommendations 
 
6.5.1 Recommendation 1: Develop a Maintenance Plan 
 
A maintenance plan should be developed that includes an inventory of the assets that NMMT 
owns and that documents procedures for daily maintenance checks, preventative maintenance, 
and unscheduled maintenance. The plan should be developed based on manufacturer 
recommendations but should be adjusted in order to be more suitable for local conditions. As 
data is collected and issues are observed, the plan should be adjusted to focus on components 
that fail more frequently in the field. 
 
Advantages: 
• Will improve maintenance practices at NMMT and potentially improve fuel efficiency 
and breakdown rate of NMMT vehicles; 
• Will simplify maintenance procedures for maintenance workers. 
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Disadvantages: 
• Will require time and capital in order to create the document. 
 
6.5.2 Recommendation 2: Invest in Depot Maintenance Technology 
 
NMMT should invest in maintenance management software that records information about fleet 
maintenance, including number of repairs/breakdowns, frequency of repairs, drivers on duty 
during repairs/breakdown, kind of maintenance involved, length of maintenance, and cost of 
maintenance. With such a software, work orders can be issued and follow-ups can be conducted 
in a timely manner. Surveys conducted to understand the benefits of implementing the use of 
such maintenance management software have found that this software led to cost savings by 80% 
of organizations that began using the software. Research also found that there was: 
 
• A 13% improvement in vehicle utilization due to reduced breakdown rates, 
• An 11% reduction in maintenance costs and 
• A 12% increase in service organization profitability (ICF International, 2011). 
 
This software could also assist in the collection of a data history for each NMMT vehicle that 
documents service, parts replacement, breakdowns, and repair actions for each vehicle. This data 
should be kept in the Central Office and available on a computerized database. The data should 
then be summarized monthly and analyzed in order to determine any abnormalities in the data or 
patterns with bus failures. 
 
Advantages: 
• Will reduce breakdown rates and vehicle maintenance costs; 
• Will reduce time vehicles are spent out of service by ordering parts and controlling 
inventory; 
• Will improve fuel efficiency of buses in the fleet. 
 
Disadvantages: 
• Will be costly. 
 
6.5.3 Recommendation 3: Conduct Data Collection 
 
The first step in implementing a successful fuel efficiency program is to develop a tracking and 
measurement system for NMMT’s buses. Data should be collected on bus route, fuel use, driver, 
and maintenance. NMMT already collects data including total diesel consumed, total CNG 
consumed, and actual run kilometers. As part of the data collection process for the fuel efficiency 
program, NMMT should continue to collect that data at the driver and bus level. Additional data 
to be collected includes the odometer reading when the bus leaves the garage and when it re-
enters after a shift, the amount of diesel or CNG added to fill the tank, driver information, bus 
route information, bus number, and whether the bus broke down. 
 
Data collection can be done manually and typed into databases or collected by an automated data 
collection system. If it is done manually, however, a quality assurance/quality control procedure 
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should be also developed to ensure that the data being collected is, in fact, correct. Table 6-1 is 
taken from the Guidance Note document created by the World Bank and describes data quality 
assurance tests to be conducted on fuel efficiency variables. 
 
Table 6-1: Data Quality Assurance Checks 
 
 
Once data has been collected, the next step is to use the data to determine a benchmark and 
targets for fuel efficiency. Bus fuel economy depends on a number of factors, including road 
condition, passenger load, and weather. In order to try to control for some of these factors, 
benchmarks should also be set by route. Once these goals are set, they can be used to determine 
which buses are underperforming. These buses should undergo a series of maintenance checks 
(an example of checks used by APSRTC can be found in Appendix H) in order to increase their 
fuel economy. 
 
Advantage: 
• Will result in increase in fuel efficiency of vehicles and improvement in vehicle 
breakdown rate. 
 
Disadvantage: 
• Will require a significant amount of time and resources to collect the data. 
 
6.5.4 Summary of Recommendations 
 
The recommendations put forth in this chapter will reduce NMMT’s breakdown rate, thereby 
improving its service These recommendations will also improve the fuel efficiency of NMMT 
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4.3.3 Step 5: Set up specific data quality assurance systems for FE variables 
Error checking the data is a key requirement for a robust system, but many locations do not have 
specific data QA/QC procedures related to fuel economy, unless fleet management software 
automatically signals data errors. As a result, managers do not trust daily outputs and rely only on 
monthly indicators where the data errors are evened out.  
The plan to be followed for improving fleet fuel efficiency is that the ten percent of buses with 
the lowest fuel economy be selected for additional maintenance. Since fuel economy is computed 
from two variables, fuel use per day and miles per day, the error rate to ensure that at least 9 of 10 
buses selected are correctly selected requires each variable to have error rates less than one 
percent maximum. It is imperative to have a QA procedure for data that holds errors to less than 
1% of data recorded, and this is particularly true for manual data acquisition systems. The data 
fields required for the analysis and preferred and maximum error rates are presented in Table 4.2. 
The preferred error rates are those commonly used by maintenance management oftware sold 
commercially. 
Table 4.2: Data quality ass rance on fuel effi i ncy variables 
Variable Description Check Preferred 
Error Rate 
Maximum 
Error Rate 
Bus Number Unique bus identifier Corresponds to 
in-service bus 
0 <0.1% 
Odometer In 
and Out 
Odometer reading when 
bus leaves garage and re-
enters garage after shift 
Odometer out = 
previous day in. 
In-out within 
specified limits 
<0.1% <1% 
Fuel Added Gallons/ Liters of fuel 
added to fill tank 
< tank size, limit 
against daily 
travel 
<0.1% <1% 
Driver Name 
or Number 
Driver identifier Corresponds to 
driver reporting 
for shift 
0 <0.1% 
Bus Route 
number 
Route identifier Valid route 
number 
0 <0.1% 
Breakdown 
Indicator 
Indicates if Bus did not 
complete shift per 
schedule 
Validate from 
time re-entering 
garage 
0 0 
Fill indicator Indicates if tank was 
filled to maximum 
No check 0 0 
Time stamp In/out date and time Validate against 
standard shift 
times 
0 0 
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vehicles, resulting in significant savings for NMMT. Table 6-2 summarizes these 
recommendations and the impact that they could have on NMMT operations if implemented. 
 
Table 6-2: Summary of Depot Maintenance Recommendations 
  Action Impact 
D
EP
O
T 
 
M
A
IN
TE
N
A
N
C
E 
Recommendation 1:                                    
Develop a maintenance plan 
Reduce NMMT vehicle breakdown 
rate 
Recommendation 2:                                    
Keep a maintenance plan for each 
vehicle 
Reduce NMMT vehicle breakdown 
rate 
Recommendation 3:                                       
Conduct data collection 
Reduce NMMT vehicle breakdown 
rate and improve fuel efficiency of 
vehicles 
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Date:
Route: Bus	  Registration	  #:
Stop	  # Stop	  Name Time Boarding	  Passengers
Alighting	  
Passengers
Boarding	  
Passengers
Alighting	  
Passengers
1 Dombivali
2 S.K.Patil	  High	  School
3 Vir	  Savarkar	  Udhan/	  Shivaji	  Chowk
4 Char	  fata	  /	  Yesh	  Hospital
5 Gaon	  Devi	  Mandir
6 Vijaya	  Bank
7 Shiv	  Udyog	  Nagar
8 Star	  Colony
9 Sagaon	  /	  Hanuman	  Mandir
10 Sanghvi	  Garden
11 Aannand	  Chemical
12 Manpada	  Petrol	  Pump
13 Primiyer	  Company
14 Kole	  Gaon
15 Katai	  Junction
16 Katai	  Gaon
17 Lodha	  heaven
18 Desai	  Gaon
19 Khidakali	  Mandir
20 Padale	  Gaon
21 Mhatre	  Vadi	  /	  Patil	  vadi
22 Chintamani	  Hotel
23 Gujabai	  vadi	  /	  Dayghar	  Gaon
24 Kalyan	  Fata
25 Shilfata	  Jakat	  Naka
26 Shilrop	  Vatika
27 Punjab	  Puja	  Hotel
28 CIDCO	  Water	  Supply	  Project
29 Khadichi	  Machine	  Khan
30 Bajarang	  Hotel
31 L&T
32 Lipi	  computer
33 Mahape	  Bus	  Depot
34 Mahape	  Petrol	  Pump
35 Nelco	  Co.
36 Ramnath	  Solar
37 Pavan	  Industry
Front Back
Date:
Route: Bus	  Registration	  #:
Stop	  # Stop	  Name Time Boarding	  Passengers
Alighting	  
Passengers
Boarding	  
Passengers
Alighting	  
Passengers
38 Krushna	  Steel
39 Hayco
40 Shalimar
41 Sunravi	  Printers
42 Bagade	  engineers
43 Indira	  Nagar
44 Dambar	  Plants
45 Turbhe	  Naka
46 Shri	  Datta	  Mandir
47 Turbhe	  Gaon
48 Sanpada	  Rly.Stn.
49 Mafco	  Market
50 A.P.M.C.	  Market
51 Kanda	  Batata	  Market
52 St.	  Lawrence	  High	  School	  
53 Bank	  Of	  Baroda
54 Vashi	  Bus	  Depot	  
55 Navartna	  Hotel
56 Appana	  Bajar	  Vashi	  Sector	  17
57 Center	  One	  Moll
58 Vashi	  Rly.Stn.
Front Back
Date: Enumerator	  name:
Bus	  Stop:
Direction:
Shift:
Time Bus	  Number
Occupancy	  Status
Empty Half	  -­‐	  Full Full Standing Crowded
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Appendix C: Route 41 Analysis 
 
Passenger Load and Boarding Alighting Analysis 
 
Figure C-1 shows Route 41’s load profile traveling from Dombivali to Vashi as well as 
the boarding and alightings observed during the AM peak period for each stop. The 
morning peak load was the highest, reaching almost 100 passengers. The off-peak and 
evening peak loads were significantly smaller, reaching only 60 and 70 passengers, 
respectively. Figure C-2 shows Route 41’s load from Vashi to Dombivali and the 
boardings and alighting observed during the PM peak run toward Dombivali. During 
morning peak, the load reaches its peak between Turbhe Naka and Dambar Plants 
followed by a sharp decrease that took place between Bajarang Hotel and Mahape Bus 
Depot. From these patterns, it is possible to conclude that a number of passengers are 
traveling to Dambar Plants, Indira Nagar, and Bagade Engineers. During the PM peak, 
the passenger load is at its highest at Manpada Petrol Pump and Sanghvi Gardens. 
 
During the morning peak trip toward Vashi, the stop with the highest number of 
boardings is unsurprisingly Dombivali (48), while the stops with the highest alightings 
were Mahape Bus Depot (22) and Lipi Computer (16). The data shows that the majority 
of passengers board the bus during the first half of the route. The majority of alightings 
occur toward the second portion of the trip, with partiuclarlybetween L&T and Vashi Bus 
Depot. From the data, it can be concluded that many passengers are making long trips on 
Route 41 during the morning peak toward Vashi. Data from the evening peak run toward 
Vashi show that boardings and alightings seem to occur in two waves, one from 
Dombivali to Mahape Bus Depot and another from Mahape Bus Depot to Vashi Railway 
Station. The two phases demonstrate that many passengers are taking short trips rather 
than riding the length of the route during the evening peak trip toward Vashi. 
 
During the morning peak trip from Vashi to Dombivali, boardings and alightings seem to 
occur in two waves, one from Vashi to Bajarang Hotel and another from Bajarang Hotel 
to Dombivali Railway Station. The two phases signify that a majority of passengers are 
taking shorter trips rather than riding the length of the route during the morning peak 
toward Dombivali. Data from the evening peak trip from Vashi to Dombivali show that 
most of the boardings occurred during the first half of the route, from Vashi Railway 
Station to L&T, while a majority of alightings took place in the latter portion of the route, 
particularly between Lodha Heaven and Dombivali Station. During the evening peak to 
Dombivali, many passengers seem to be riding for longer distances, boarding during the 
first half of the route, mainly during the first ten stops, and alighting during the second 
half of the trip, particularly during the last eleven stops which account for 66% of the 
route alightings. 
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Travel Time Assessment 
 
Table C-1 shows Route 41’s observed travel times. Toward Vashi, there was a large 
variation between travel times during the different time period. Morning peak travel time 
was relatively short, 86 minutes, while off-peak and evening peak travel time were 
significantly longer, 108 and 101 minutes, respectively. Similarly, the travel times toward 
Dombivali vary by 8.5 minutes. The average travel times of 98 minutes from Dombivali 
to Vashi and 103.5 minutes from Vashi to Dombivali are significantly higher than the 
scheduled travel time of 85 minutes. These results demonstrate a lack of reliability due to 
delay caused by a variety of factors, including traffic, weather, bad road conditions, and 
bus breakdowns. Travel times vary greatly even during peak periods and there is also a 
significant amount of intraday travel time variation. Though some of these factors cannot 
be controlled by NMMT, it is important to be aware of the existing variation in travel 
times in order to better plan their schedules and work to have more reliable service. 
 
Route Number   41 
Trip Length (km) 
 
30.2 
Table C-1: Travel Time (in mins) 
Trip Characteristic Direction 
  
Toward 
Vashi 
Toward 
Dombivali 
Morning Peak 86 95 
Mid-day Off-peak 108 - 
Evening Peak 101 112 
Average 98 103.5 
Standard Deviation 11.2 8.5 
Scheduled 85 85 
 
Scheduled versus Observed Headway 
 
Bus frequency along the Dombivali-Vashi corridor was observed during morning peak 
period. Toward Vashi, only two buses arrived, meaning that only one headway was 
observed. This observed headway was 32 minutes, which is greater than the scheduled 18 
to 25 minute headway. Figure C-3 shows the observed headway toward Dombivali in 
relation to the scheduled headway and the average observed headway. 
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Headway
Average 
Scheduled 
  
56 
Appendix D: Route 42 Analysis 
 
Passenger Load and Boarding Alighting Analysis 
 
Figure D-1 shows the passenger load on Route 42 from Dombivali to Vashi as well as 
boarding and alighting by stop during the AM peak. During the morning peak, the load is 
at its highest at Lodha Heaven and remains high until L&T. During the evening peak, the 
load is at its highest between Goan Devi Mandir and Vijaya Bank. After Vijaya Bank, 
there is a constant and significant reduction of load until Desai Goan, showing that many 
passengers are riding beyond Vijaya Bank. 
Figure D-2 shows the passenger load on Route 42 from Vashi to Dombivali and boarding 
and alighting counts observed during the PM peak. During the AM peak, the highest load 
occurs between Terna College and Humanam Nagar. The evening peak is highest 
between Mahape Junction and Shilfata Jata Naka, with a load of over 90 passengers. The 
extremely high evening peak load demonstrates that the demand on Route 42 is high at 
this period and isn’t being adequately served. 
The majority of boardings during the morning peak toward Vashi occurred between 
Dombivali and Lodha Heaven during the beginning portion of the route. The majority of 
alightings occurred during the second half of the route, starting at L&T and continuing 
until Vashi Railway Station. During evening peak, the majority of boardings occur 
between Dombivali and Desai Goan, with 68 boardings occurring at Dombivali alone. 
The alightings occur throughout the entirety of the route, meaning that both short trips 
and long trips toward Vashi are being served during this time period. 
Data collected during the morning peak trip toward Dombivali shows that the majority of 
boardings occur during the first portion of the route, while the majority of alightings 
occur during the second portion of the route between, particularly during the last five 
stops of the route. During the evening peak period, most of the boarding occur during the 
first portion of the route (83%), from Vashi to L&T, while the majority of alightings 
occur during the second portion of the route (84%), from Shilfata Jakat Naka to 
Dombivali, meaning that many trips served by this route at this time are long. 
Travel Time Assessment 
 
Table D-1 shows observed travel time for Route 42 during morning peak, off-peak, and 
evening peak. Travel time from Dombivali to Vashi ranged from 75 minutes during 
morning peak to 103 minutes during off-peak. Similarly, travel time from Vashi to 
Dombivali ranged from 79 minutes during off-peak to 113 minutes during PM peak. The 
average travel time in each direction, 91.7 minutes from Dombivali to Vashi and 95 
minutes from Vashi to Dombivali, is higher than the scheduled travel time of 80 to 85 
minutes. The longest trips in each direction were 20 to 30 minutes longer than the 
scheduled travel time. 
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Route Number   42 
Trip Length (km) 
 
29.1 
Table D-1: Travel Time (in mins) 
Trip Characteristic Direction 
  
Toward 
Vashi 
Toward 
Dombivali 
Morning Peak 75 93 
Mid-day Off-peak 103 79 
Evening Peak 97 113 
Average 91.7 95 
Standard Deviation 14.7 17.1 
Scheduled 80-85 80-85 
 
Scheduled versus Observed Frequency 
 
Figure D-3 shows the observed times and headways between buses arriving at Mahape 
Bus Depot traveling toward Vashi during the morning peak period. While scheduled 
frequency is 26 to 29 minutes, the average observed frequency was 44 minutes. 
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Figure D-3: Route 42 - Observed Headway toward Vashi
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Appendix E: Route 44 Analysis 
 
Passenger Load and Boarding Alighting Analysis 
 
Figure E-1 shows the passenger load on Route 44 from Dombivali to Kharghar and 
boardings and alightings by stop collected during the AM peak. The morning peak 
increases continuously from Dombivali to Shilfata Jakat Naka, where it has a load of 90 
passengers, far greater than NMMT’s vehicle capacity. During evening, the bus 
terminated service at Belapur Railway Station because it was running behind schedule. 
 
The passenger load on Route 44 from Kharghar to Dombivali and boardings and 
alightings by stop from the PM peak period are shown in Figure E-2. The evening peak 
load has three separate peaks: between Nimisha Hospital and Kharghar Railway Station, 
between Belapur Railway Station and Shilfata Jakat Naka, and between Shilfata Jakat 
Naka and Dombivali. Additionally, the load profile for each time period shows the load is 
light between Kharghar Railway Station and Belapur Railway Station.  
 
Boarding and alighting data for Route 44 to Kharghar during morning peak shows that 
the overwhelming majority of boardings occur during the first third of the route between 
Dombivali Station and Shilfata Jakat Naka (81%), while the majority of alightings occur 
in the middle third of the route, between L&T and Belapur Railway Station (76%). Less 
than 10% of boardings and 15% of alighting occurred after Belapur Railway Station. 
 
Data for Route 44 to Dombivali during morning peak show that there seem to be two 
phases of boarding and alighting, the first occurring between Kharghar and Turbhe Naka 
and the second occurring between Turbhe Naka and Dombivali. Between Manpada Petrol 
Pump and Dombivali, the last 12 stops of Route 44, a total of 65 passengers alighted the 
vehicle. During evening peak, boardings and alightings seem to happen in three phases, 
between Kharghar Vastuvihar and Kharghar Railway Station, between Belapur Railway 
Station and Bajarang Hotel, and between Kalyan Fata and Dombivali. 
 
Travel Time Assessment 
 
Table E-1 shows Route 44’s observed travel times during morning and evening peak. 
Travel time for Route 44 is scheduled to be 95 to 100 minutes, however, during the 
surveys observed travel time ranged from 133 to 168 minutes. Additionally, two trips of 
the five surveyed were cancelled mid-way through the trip due to maintenance issues. 
The fact that the observed travel time was always greater than 30 minutes longer than the 
scheduled travel time is important to note, as if trips are scheduled for a 100-minute 
travel time rather than a 140-minute travel time, buses will continuously be late and 
schedule adherence will suffer. 
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Route Number   44 
Trip Length (km) 
 
40.0 
Table E-1: Travel Time (in mins) 
Trip Characteristic Direction 
  
Toward 
Kharghar 
Toward 
Dombivali 
Morning Peak 134 168 
Mid-day Offpeak - CAN 
Evening Peak CAN 133 
Average 134 150.5 
Standard Deviation - 7.5 
Scheduled 95-100 95-100 
 
Scheduled versus Observed Frequency 
 
Figures E-3 and E-4 show observed arrival times and headways for buses serving Route 
44 toward Kharghar and Dombivali, respectively. Bus traveling toward Vashi had an 
average frequency of 17.3 minutes, well within the 12 to 29 minute scheduled frequency. 
The standard deviation, however, shows that there is a wide variation in headway along 
this route. The actual headways range from 3 minutes to 42 minutes, with only one 
headway (17-minute headway) within the scheduled frequency. The observation of both 
short headways of 3 and 7 minutes and a long headway of 42 minutes indicate that bus 
bunching is occurring along the route, likely as a result of traffic congestion or other 
externalities. 
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Figure E-3: Route 44 - Observed Headway toward Kharghar
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Appendix F: Route 46 Analysis 
 
Passenger Load Analysis 
 
Figure F-1 shows the passenger load on Route 46 to Vashi during the morning and 
evening peak periods and boarding and alighting data collected during the morning peak 
period run. During the morning peak period the load, even at its peak, reaches only 
approximately 40 passengers. During the evening peak period the load also remained 
under 40 passengers for the entirety of the trip, peaking at Sunravi Printers. Figure F-2 
shows the passenger load on Route 46 to Badlapur and boarding and alighting data 
collected during the PM peak period. During the morning travel period there are two 
peaks in load, indicating that many passengers are taking short trips that span less than 
half of the route. During the evening peak period, there is a very different load pattern. 
The load remains between 40 passengers and 70 passengers for the majority of the trip, 
indicating that many passengers are riding for long distances. 
 
Boarding and Alighting Patterns 
 
The boardings and alightings data collected during the AM peak toward Vashi show no 
real pattern, though there is a concentration of boardings at the beginning of the route and 
two concentrations of alightings, one in the middle of the route between Tolaja Fata and 
Kalyan Fata and another at the end of the route, meaning that approximately half of 
passengers are riding for the first portion of the route until Kalyan Fata while the other 
half are riding for the majority of the route. Boardings and alightings seem to happen in 
two phases during the evening peak, the first from Badlapur to Padale Goan and the 
second from Kalyan Fata to Vashi Railway Station. 
 
Boardings and alightings to Badlapur during the morning peak period seem to occur in 
two waves. The first wave is between Vashi and Lipi Computer while the second wave 
occurs between Shilfata Jakat Naka and Badlapur. The boardings and alightings during 
the evening peak period toward Badlapur show no real pattern, with boardings and 
alightings occurring consistently throughout the route. The highest concentration of 
alightings occurred between Belavali Petrol Pump and the terminus of the route at 
Badlapur, with 43% of passengers alighting at these stops. 
 
Travel Time Assessment 
 
Table F-1 shows observed travel times of Route 46 in both directions. Travel time for the 
route was the most consistent of all of the routes serving the Dombivali Vashi corridor, 
with a variation of only 3 minutes for the trip from Badlapur to Vashi and a variation of 
11 minutes for the trip from Vashi to Badlapur. One issue, however, is that the trip is 
scheduled to have a travel time of 110 minutes while the average observed travel time 
was over 20 minutes greater than this scheduled travel time. As is the case with Route 44, 
if trips are scheduled for a 110-minute travel time rather than a 135-minute travel time, 
buses will continuously be late and schedule adherence will suffer. 
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Route Number   46 
Trip Length (km) 
 
43.7 
Table F-1: Travel Time (in mins) 
Trip Characteristic Direction 
  
Toward 
Vashi 
Toward 
Badlapur 
Morning Peak 134 130 
Evening Peak 131 141 
Average 132.5 135.5 
Standard Deviation 1.5 5.5 
Scheduled 110 110 
 
Scheduled versus Observed Frequency 
 
Route 46 travels outside of the area where bus occupancy surveys were taken, so there 
was no frequency data collected for this route. 
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Appendix G: Route 60 Analysis 
 
Passenger Load and Boarding Alighting Analysis 
 
Figure G-1 shows the passenger load on Route 60 from Kalyan to Vashi and boardings 
and alighting collected during the morning peak. The morning peak load is high for the 
majority of the route, demonstrating that many passengers traveling to Vashi on this route 
are making longer trips. Figure 2 shows the passenger load on Route 60 from Vashi to 
Kalyan and boardings and alightings collected during the evening peak. During the 
morning peak, the load is at its highest between Turbhe Naka and Bagade Engineers but 
otherwise remains well under the bus capacity of 55 seated and 25 standing passengers. 
 
Surprisingly, the off-peak load was the highest off the three time periods analyzed with a 
highest load point of 80 at Tata Pawar. It is worth doing further data collection and 
analysis to confirm these findings, as it could have been a one-time occurance. The 
evening peak load hovers between 40 and 60 passengers for the majority of the trip until 
Shivaji Balak Mandir. 
 
Boardings and alightings observed during the morning peak trip toward Vashi show no 
real pattern, with boardings and alightings occurring consistently throughout the route. 
During the PM peak, most of the boardings occur during the first portion of the trip while 
many of the alightings occur during the second portion of the trip. These results show that 
many passengers are boarding in the beginning of the route, and are riding for more than 
half of the route. 
 
There are two phases of boarding and alighting during the morning peak Route 60 run to 
Kalyan, the first occurring between Vashi Depot and CIDCO Water Supply Project and 
the second occurring between Shilfata Jakat Naka and Kalyan Railway Station. This 
indicates that many passengers are taking shorter trips. During the evening peak trip to 
Kalyan, most of the boardings seem to occur during the first portion of the trip while the 
alightings seem to occur during the second portion, signifying that many passengers are 
boarding in the beginning of the route, many at Kalyan Railway Station, and are riding 
for at least half of the route. 
Travel Time Assessment 
 
Table G-1 shows observed travel times for Route 60 in both directions. The average 
observed travel times are 84 minutes from Kalyan to Vashi and 94 minutes from Vashi to 
Kalyan, which fall within and are very close to the scheduled travel time of 80 to 90 
minutes. Interestingly, travel time for the mid-day off-peak trip toward Kalyan was 13 
minutes over the highest scheduled travel time. 
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Route Number 
 
60 
Trip Length (km) 
 
34.0 
Table G-1: Travel Time (in mins) 
Trip Characteristic Direction 
 
Toward 
Vashi 
Toward 
Kalyan 
Morning Peak 83 84 
Mid-day Offpeak 75 103 
Evening Peak 93 96 
Average 83.7 94.3 
Standard Deviation 9.0 9.6 
Scheduled 80-90 80-90 
 
Scheduled versus Observed Frequency 
 
Figures G-3 and G-4 show the headways for buses serving Route 60 traveling toward 
Vashi and Dombivali, respectively. For buses traveling in both directions, average 
frequency falls within the 13 to 19 minute scheduled frequency. However, when looking 
at each headway individually, it is clear that there is a high variation in frequency, which 
demonstrates the existence of bunching along the route. 
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Figure G-3: Route 60 - Observed Headway toward Vashi
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